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(4-Aminophenyl)arsonic acid (p-arsanilic acid) is used as an antihelminth in veterinary applications and was earlier used in the monosodium salt dihydrate form as the antisyphilitic drug atoxyl. Examples of complexes with this acid are rare. The structures of the alkaline earth metal (Mg, Ca, Sr and Ba) complexes with (4-aminophenyl)arsonic acid (p-arsanilic acid) have been determined, viz. hexaaquamagnesium bis [hydrogen (4-aminophenyl) 2+ cation, the two hydrogen p-arsanilate anions and the four water molecules of solvation form a three-dimensional network structure through inter-species O-H and N-H hydrogen-bonding interactions with water and arsonate O-atom and amine N-atom acceptors. In one-dimensional coordination polymer (II), the distorted octahedral CaO 6 coordination polyhedron comprises two trans-related water molecules and four arsonate O-atom donors from bridging hydrogen arsanilate ligands. One bridging extension is four-membered via a single O atom and the other is eight-membered via O:O 0 -bridging, both across inversion centres, giving a chain coordination polymer extending along the [100] direction. Extensive hydrogen-bonding involving O-HÁ Á ÁO, O-HÁ Á ÁN and N-HÁ Á ÁO interactions gives an overall three-dimensional structure. The structures of the polymeric Sr and Ba complexes (III) and (IV), respectively, are isotypic and are based on irregular MO 7 coordination polyhedra about the M 2+ centres, which lie on twofold rotation axes along with one of the coordinated water molecules. The coordination centres are linked through inversion-related arsonate O:O 0 -bridges, giving eight-membered ring motifs and forming coordination polymeric chains extending along the [100] direction. Inter-chain N-HÁ Á ÁO and O-HÁ Á ÁO hydrogen-bonding interactions extend the structures into three dimensions and the crystal packing includesring interactions [minimum ring centroid separations = 3.4666 (17) Å for (III) and 3.4855 (8) Å for (IV)].
Introduction
The compound (4-aminophenyl)arsonic acid (or p-arsanilic acid) has a continuing usage as an antihelminth in veterinary applications (Steverding, 2010) and was earlier used in the monosodium salt dihydrate form as the antisyphilitic drug atoxyl (Ehrlich & Bertheim, 1907; O'Neil, 2001 ; Bosch & Rosich, 2008) . We reported the crystal structure of atoxyl, The molecular configuration and atom-naming scheme for the hexaaquamagnesium cation, the p-arsanilate anion and the two water molecules of solvation in the the asymmetric unit of (I), with displacement ellipsoids drawn at the 40% probability level. Inter-species hydrogen bonds are shown as dashed lines. [Inversion-related atoms are indicated by the symmetry code (i) Àx + 1, Ày + 1, Àz + 1.]
Figure 2
The hydrogen-bonding extension in the structure of (I), showing the symmetry operations (see Table 2 ). H atoms not involved in hydrogen bonding have been omitted. are typical of those found in [Mg(H 2 O) 6 ] 2+ complex cations with analogous phosphonate anions, e.g. with hydrogen diphenylmethylphosphonate (Lee et al., 1988) , hydrogen (2-aminoethyl)phosphonate (Schier et al., 1990) and the carboxylate anion 4-nitrobenzoate (Arlin et al., 2011) .
In the crystal of (I), extensive hydrogen-bonding involving all H-atom donors of the anions and those of both the coordinated and solvent water molecules (O4W and O5W) with arsanilate O-and N-atom acceptors and water O-atom acceptors (Table 2) iii atoms and as an acceptor to the O13 acid H-atom donor of an inversion-related anion, linking these along [010] . Weak -associations are also present between inversionrelated anions [ring centroid separation CgÁ Á ÁCg ii = 3.7187 (14) Å ] [symmetry codes: (ii) Àx, Ày + 2, Àz + 1; (iii) x À 1, y, z; (iv) Àx, Ày + 1, Àz + 1; (v) Àx + 1, y À In the structure of the coordination polymeric calcium compound (II), the repeat unit is a distorted octahedral CaO 6 complex comprising four O-atom donors (with two bridging) from the two independent hydrogen p-arsanilate anions (A research papers . C73, 61-67
Smith and Wermuth Mg, Ca, Sr and Ba complexes of (4-aminophenyl)arsonic acid 63 Computer programs: CrysAlis PRO (Rigaku OD, 2015) , SIR92 (Altomare et al., 1993) , SHELXL97 (Sheldrick, 2008) within WinGX (Farrugia, 2012) , and PLATON (Spek, 2009) . Table 2 Hydrogen-bond geometry (Å , ) for (I). 
and B), together with two independent monodentate water molecules (O1W and O2W). Present also in the structure are two water molecules of solvation (O3W and O4W) (Fig. 4) . The Ca-O bond lengths are in the range 2.306 (2)-2.420 (2) Å (Table 3) , typical values for Ca-O bond lengths in the six-coordinate diaquacalcium-carboxylate-l-valine complex (Lamberts & Englert, 2015) (2.278-2.372 Å ). The bridging carboxylate O atoms in (II) generate a coordination polymer extending along [100] through centrosymmetric cyclic ring systems, i.e. four-membered through O11B i and eightmembered through O11A
ii and O12A ii [symmetry codes: (i) Àx, Ày + 1, Àz + 1; (ii) Àx + 1, Ày + 1, Àz + 1] (Fig. 5 ). The CaÁ Á ÁCa i separation in the four-membered ring is 3.801 (2) Å . The crystal structure involves a number of inter-chain N-HÁ Á ÁO and O-HÁ Á ÁO hydrogen-bonding interactions to arsonate and water O-atom acceptors, as well as to the amine N-atom acceptors (Table 4 and A perspective view of the three-dimensional hydrogen-bonded framework structure of (I) in the unit cell, showing the hydrogen-bonding associations as dashed lines. H atoms not involved in hydrogen bonding have been omitted. For symmetry codes, see Table 2 .
Figure 4
The molecular configuration and atom-naming scheme for the asymmetric unit and the water molecules of solvation (O3W and O4W) in (II). Displacement ellipsoids are drawn at the 40% probability level. For symmetry codes, see Table 3 . A portion of the one-dimensional coordination polymeric chains in the structure of (II) extending along a. For symmetry codes, see Table 3 . Hydrogen bonding in the three-dimensional structure of (II), viewed down b, showing hydrogen bonds as dashed lines. H atoms not involved in hydrogen bonding have been omitted. For symmetry codes, see Table 4 .
Figure 7
The molecular configuration and atom-naming scheme for the complex unit in (III). Displacement ellipsoids are drawn at the 40% probability level. Table 4 Hydrogen-bond geometry (Å , ) for (II). (Fig. 9 ). In the crystal, there are inter-polymer N-HÁ Á ÁO and O-HÁ Á ÁO hydrogen-bonding associations to arsonate and water O-atom acceptors (Tables 7 and 8) , generating a three-dimensional framework structure (Fig. 10) . Present also in the crystal packing of (III) and (IV) are relatively strong -aromatic ring interactions with ring centroid separations (CgÁ Á ÁCg The monoanionic arsonate groups in all four structures are similar in having delocalized As-O11 and As-O12 bonds, which are essentially equal: 1.6617 (15) and 1.6581 (14) Å in (I); 1.673 (2) and 1.645 (2) Å in (IIA), and 1.667 (2) and 1.668 (2) Å in (IIB); 1.6650 (16) and 1.6705 (19) Å in (III); 1.667 (2) and 1.668 (2) Å in (IV). These compare with 1.672 (3) and 1.677 (3), and 1.670 (3) and 1.659 (3) Å in the ammonium and sodium salts, respectively (Smith & Wermuth, 2014) , and 1.656 (6) and 1.669 (6) Å in the zwitterionic parent acid (Shimada, 1961; Nuttall & Hunter, 1996) . The As-O13(H) bonds are 1.7412 (16) The molecular configuration and atom-naming scheme for the complex unit in (IV). Displacement ellipsoids are drawn at the 40% probability level. The one-dimensional coordination polymeric chains in the structure of (III), extending along a. The isotypic structure of (IV) is similar. For symmetry codes, see Tables 7 and 8 .
Figure 10
The hydrogen bonding in the three-dimensional complex structures of (III) and (IV). Non-associative H atoms have been omitted. Table 6 Selected bond lengths (Å ) for (IV).
Table 7
Hydrogen-bond geometry (Å , ) for (III).
Table 8
Hydrogen-bond geometry (Å , ) for (IV).
dimensional structures of the alkaline earth series of complexes with hydrogen (4-aminophenyl)arsonic acid. With the exception of Mg complex (I), all the compounds form basically similar supramolecular structures in which the primary core comprising the polymeric metal complex and water molecules form layers which are linked through the peripheral arsanilate ring systems by hydrogen bonding involving the para-related aniline amino group. This packing feature is also found in the sodium hydrogen p-arsanilate structure (Smith & Wermuth, 2014) , although the primary layer differs from the alkaline-earth members (II)-(IV) in that it involves an NaO 5 complex core with one of the three coordinated water molecules bridging. compounds, cell refinement: CrysAlis PRO (Rigaku OD, 2015) ; data reduction: CrysAlis PRO (Rigaku OD, 2015 ); program(s) used to solve structure: SIR92 (Altomare et al., 1993 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) within WinGX (Farrugia, 2012) ; molecular graphics: PLATON (Spek, 2009) ; software used to prepare material for publication: PLATON (Spek, 2009 ). 
(I) Hexaaquamagnesium bis[hydrogen (4-aminophenyl)arsonate] tetrahydrate
Symmetry code: (i) −x+1, −y+1, −z+1. (12) C2A-C3A-H3A 120.00 H11W-O1W-H12W 104 (4) C2B-C3B-H3B 120.00 Ca1-O1W-H11W 130 (3) C4B-C3B-H3B 120.00 Ca1-O1W-H12W 117 (3) C4A-C5A-H5A 120.00 Ca1-O2W-H21W 134 (3) C6A-C5A-H5A 120.00 Ca1-O2W-H22W 118 (2) C6B-C5B-H5B 120.00 H21W-O2W-H22W 108 (3) C4B-C5B-H5B 120.00 As1A-O13A-H13A 111 (3) C1A-C6A-H6A 120.00 As1B-O13B-H13B 110 (2) C5A-C6A-H6A 119.00 H31W-O3W-H32W 115 (4) C5B-C6B-H6B 120.00 H41W-O4W-H42W
Hydrogen-bond geometry (Å, º)
115 ( (15) C2A-C1A-C6A-C5A 0.4 (5) O11B-As1B-C1B-C2B −14.6 (3) As1B-C1B-C2B-C3B −177.1 (2) O11B-As1B-C1B-C6B
137.75 (19) C2A-C3A-C4A-C5A 1.4 (6) O11B are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

